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Periprosthetic fractures of the hip are a complex problem for
patient and surgeon. The general condition of geriatric patients
often prohibits extensive surgery. Standard treatment consists of
revision to a long stem prosthesis and various plating techniques.
These techniques often need a long operation time and a large
exposure. Moreover, high morbidity and mortality after surgery is
seen. Mortality rates up to 20% are reported in this population
mainly due to poor overall condition.11 Furthermore the plating
techniques are associated with a considerable number of re-
operations.9 Treatment of a Vancouver type C periprosthetic
fracture is not uncommon.12,14 However, retrograde nailing below
a hip stem leaves a possible stress-rising zone between the ends of
the implants. Creating a rigid ﬁxation between the intramedullary
implant and the stem solves this problem. Antegrade solutions
were reported ﬁrst, using custom made lengthened implants.16,17
These reports lead to the use of a manually adapted standard AO
femoral nail which was advanced over the tip of the prosthesis in a
retrograde fashion.14 This technique has evolved to a treatment
system named bridging nailing. Advantages of the retrograde
bridging nail are the minimal invasive aspect and a shorter
operation time. Besides beneﬁts of the bridging nailing system
some concerns arise, especially regarding long-term effects. It is
not possible to obtain retrograde nails that have exactly the same
alloy as the implanted hip stem. Mismatch between the metal
composition of the nail and the implant could create a potentially
dangerous corrosive process. Several types of corrosion can occur
due to micromotion at the junction and due to different implanted* Corresponding author. Tel.: +31 38 4245000.
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metallurgical and solution chemistry parameters.5 These types of
corrosion are fretting, putting, crevice and galvanic. Whenever
corrosion occurs, this process enhances the risk of crack propaga-
tion and fatigue fractures.5 Implant failures have been reported
at modular interfaces.4,7,8 Furthermore the presence of metal
ions may trigger a foreign body response.2,5,7,8 This foreign body
response can lead to focal osteolysis and cortical thinning.
These concerns lead to the following research questions; is the
healed bone vital at fracture level? Are there, due to corrosion,
inﬂammatory tissue reactions or metallosis noticeable?
2. Case
A 76 years old lady was admitted at the emergency department
with pain in her right leg, after a fall at home. Patient was
diagnosed with a periprosthetic fracture, a ‘‘happy hip’’ according
to the Coventry classiﬁcation (Vancouver type B1).1,8,13 Medical
history showed a hypertension for about 20 years, diabetes
mellitus (oral medication), a cemented total hip arthroplasty on
the left side in 1989, on the right side in 1992 and a total knee
arthroplasty on the left side in 1993.
Because of her well-ﬁxed Muller straight stem (ProtasulTM S30;
FeCr22Ni10Mn4Mo2NNb, Sulzer-medica, Swiss) and considerable
comorbidity the patient was treated with a retrograde nail
osteosynthesis (shortened standard 13 mm AO-nail, Wrought
Fe18Cr14Ni2.5Mo), bridging the tip of the prosthesis as described
by Verburg.15 The surgery was performed with a parapatellar
approach. The medullary canal of the distal femur was opened
under radiographic control. Limited reaming of the isthmus was
necessary. A small lateral incision through m.vastus lateralis was
made and a small pointed fracture fragment was resected. With
visual control, the tip of the nail was sledded over the tip of the
Fig. 1. Preoperative X-rays of the femur and 2-year postoperative X-rays.
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over the tip of the stem. At least three centimetres overlap of stem
and nail was pursued. The nail was locked in the distal femur with
two screws, providing a stable ﬁxation.
After surgery the patient was allowed to mobilise full weight
bearing, with crutches. A shortening of the right leg of about 3 cm
was observed which was treated with a shoe-raise. Patient was
discharged after 11 days. At 6 weeks she was fully self-supporting.
At 14 weeks the X-ray, showed consolidation of the fracture. One
year after the trauma, patient was pain free, used a walker and had
a good hip and knee (F/E 120/0/0) function, although she had a
Duchenne gait. At two-year follow-up the patients was still pain
free. On X-ray examination no signs of focal osteolysis were seen
during follow-up. (Fig. 1) After 34 months patients was admitted
with congestive heart failure and died 10 days later. The total
femur was excised for analysis after consent was obtained. (Fig. 2)
After storage at 80 8C the bone was totally embedded in
polymethylmethacrylate (PMMA) to preserve tissue integrity
during sawing which was done using a water cooled diamond
coated saw (WOCO). After polymerisation thin slices were made at
various levels along the stem and nail (Fig. 3 levels A–E).
Radiographs of the slices were obtained (Fig. 4) and thereafter
the metal implants were gently removed and thin sections were
obtained with a microtome (Leica RM 2155) Sections were stainedFig. 2. Retrieved femur witwith Haematoxilin and Eosin (HE) for histological evaluation by
light microscopy.
3. Results
At manual inspection of the femur with implant, the stem
was ﬁrmly ﬁxed in the bone but upon manipulation micro-
motion was visible. Sections were analysed at ﬁve levels along
the reconstruction (see Fig. 3 for locations). Section A was
through the proximal femur, sections B and C through the
fracture site, sections D through the transition of the fracture
site with the more distal femur and section E through the
metaphyse and the nail.
Irrespective to the location, the bone of the femur was a
circumpherential structure without any visible interruption in HE
sections. With polarised light the transition between the normal
Haversian structure of cortical bone and the more woven callous
bone that has been formed in the fracture gap was present in
sections B–D. (Fig. 5) The newly formed callous bone was partly
replaced by lamellar bone.
A second difference between the two types of bonewas that the
original cortical bone was largely necrotic with only locally areas
that were vital and revascularised. However, this newly formed
callous bone was vital throughout. (Fig. 5B)h fracture site marked.
Fig. 3. X-ray of the retrieved femur and the levels of samples for histology.
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necrotic ﬁbrous tissue with scattered vital areas. In sections A–C
more vital areas were found irrespective to the location. The
interface contained some sheets of macrophages that hadFig. 4. Saggital X-ray image of histologic samples.
Fig. 5. HE stained section of haversian cortical bone (A) and of woven callous bone
(B) at fracture level (Fig. 2 level C) 50.engulfed wear particles. In sections A–C the interface had a
variable thickness of between ca 50 mm and 2 mm. More distally
in sections D and E the interface was thinner, and the orientation
of the collagen was regularly oriented in a circumpherential
direction. The distal interface was almost entirely composed of
collagen without any viable cells. (Fig. 6C) Locally necrotic cells
remnants, some with wear particles, were present. None of the
sections showed an intense periosteal reaction or an aggressive
osteoclastic resorption.
4. Discussion
We presented a case of a periprosthetic fracture treated with a
retrograde bridging nail over a straight stem Muller with a
different alloy.With the post-mortem examination of the retrieved
femur we were able to study the morphology of the bone and
fracture site, 34 months after surgery. No clinical relevant signs of
corrosion were seen at retrieval. The retrieval showed a healed
fracture macroscopically as well as microscopically and metallosis
or foreign body reactions were not seen. Vital bone was present
throughout the entire fracture site.
The bridging nail is a new concept for the treatment of
periprosthetic fractures. Good clinical results, regarding fracture
healing and mobilisation, of the ﬁrst series of compromised
patients treated are available.18 However long term effects of the
bridging nail in situ are not known. This treatment modality was
only used for compromised patients with a reduced life
expectancy, by this avoiding extensive surgery possibly avoiding
morbidity and mortality.
Fig. 6. HE stained sections of interface tissue between bone and implant.
Magniﬁcations A 20, B 50, C 125.
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different metals in close contact to one another possibly causing
corrosion related problems. Most of the fabrication related factors
contributing to corrosion5 have been eliminated in modern
implants. The most relevant forms of corrosion in our case are
galvanic, fretting and crevice corrosion or a combination of these
three forms. Galvanic corrosion can occur when dissimilar metals
are in electrical or physical contact (the former through an
electrolyte).
In orthopaedic implants different alloys rely on the forming of a
passive ﬁlm to prevent oxidation. Micromotion between compo-
nents can result in fretting corrosion through disruption of this
ﬁlm. This can lead to initiation of crevice corrosion. In our case the
implants were susceptible to micromotion and stress, particularly
just after the operationwith the un-united fracture. This could lead
to increased levels of corrosion and its adverse effects on the
human tissue. No focal osteolysis was seen on X-ray examination
of the femur and no extensive inﬂammatory reactionwas observedhistologically. Presumably the junction of the nail and the
prosthesis does not prevent the formation of the passive protective
ﬁlm.
Corrosion can weaken the implants resulting in failure as is
described at femoral tapered necks in cobalt alloy stems with
cobalt alloy heads.3
In the case of the bridging nail a stable connectionwas observed
without signs of failure through the entire series of patients.18
Stress on the junction could be reduced after fracture healing
thereby diminishing the possibility of implant breakage. Further-
more we expect the amount of cyclic loads on the implant in this
patient group to be lower compared to active healthy patients.
Another effect of corrosion is the release of metal ions in
surrounding tissue by particulate corrosion. The host immune
system can be activated and a responsemay be initiated. Especially
the formation of chromium-orthophosphate leads to macrophage
monocyte activation in a dose dependent matter.6 In our retrieval
study no extensive inﬂammation was seen at the level of the
junction, this in contrast to extensive periprosthetic tissue necrosis
thatwas reported in cobalt–chromiumalloymodular prostheses.10
The femur was frozen immediately after harvesting and
defrosted in the research lab. The embedding in PMMA was
necessary to preserve the periprosthetic tissue and its relation to
the surrounding tissue during sawing. Artefacts as a result of these
procedures are the only possible disturbing factors. However no
hindering artefacts were seen with light microscopy.
The analysed implant consisted of aMuller straight stem and an
AO universal femoral nail. We were able to evaluate the
inﬂammatory reaction and bone healing around this speciﬁc
combination of alloys. Although the metals used in the Muller
straight stem are commonly used in orthopaedic surgery, no
conclusions can be drawn concerning other compilations of
metals.
In conclusion our patient with a periprosthetic fracture, treated
with a bidging nail, showed good fracture healing with vital bone
surrounding the implant and no extensive tissue inﬂammation at
retrieval, despite the suboptimal metallurgic environment for
nearly 3 years. We believe that the retrograde nail osteosynthesis
with a bridged junction of the hip stem can serve as a long term
implant without severe local adverse effects, when primarily a
stable construction is achieved.
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